Objective To investigate whether selective serotonin reuptake inhibitor (SSRI) antidepressants are associated with an increased risk of suicide related outcomes in adults.
Introduction
Depression affects around one in 38 adults in Britain at any point in time. 1 The most serious and distressing consequence of depression is suicide, and concerns have arisen that the very drugs used to treat depression, and by implication reduce the risk of suicide, may in some susceptible individuals cause suicidal feelings, self harm, and suicide. 2 3 4 5 This concern is borne out by recent reviews of evidence from randomised controlled trials of selective serotonin reuptake inhibitors (SSRIs) compared with placebo in children. 6 2 However, it is uncertain whether such a risk is present in adults and whether risks are increased for suicide as well as non-fatal suicidal end points. A meta-analysis of data for fluoxetine (an SSRI), funded by its manufacturer, found no evidence that suicidal acts were more common among adults receiving active treatment, but the review lacked power (n = 32 episodes of suicide and non-fatal self harm) to identify important risks. 7 Khan et al synthesised clinical trial data for nine antidepressants and found, if anything, that suicide rates in people treated with placebo were lower than in those taking SSRIs or other antidepressants. 8 Their findings are difficult to interpret as they had not conducted a formal meta-analysis.
We used data from the review of the safety of SSRIs that was recently published by the Medicine and Healthcare products Regulatory Agency (MHRA) 9 to carry out a meta-analysis of data from placebo controlled, randomised controlled trials in adults to assess whether adults prescribed the SSRIs have an increased risk of suicide, non-fatal self harm, or suicidal thoughts.
Methods

Data sources
We abstracted data on the number of suicides, episodes of nonfatal self harm, and suicidal thoughts reported in placebo controlled trials of SSRIs in adults from the MHRA's review of the safety of SSRIs. 9 For each SSRI (citalopram, escitalopram, fluoxetine, fluvoxamine, paroxetine, and sertraline), the pharmaceutical companies provided the MHRA with summed end point data across all trials, for all indications, separately in subjects treated with placebo and with the intervention. We did not have access to individual patients' data. Most trials were carried out to assess the effectiveness of drugs in treating depression, but the data summarised in the MHRA report 9 included trials for other indications (such as obsessive compulsive disorder, anxiety, etc) and it was not possible to examine indication specific associations with risk. The exception to this was citalopram, where the presented data were only for trials of its use in depression rather than across a broader range of indications.
The manufacturers supplied data for each product from 477 trials, ranging from nine trials for citalopram to 156 for sertraline. 9 Data on the mean duration of follow up in the placebo and active arms of the trials were not available for all products, and so we were unable to take account of such possible differences in our analysis. Separate data for suicide and non-fatal self harm were not available for fluoxetine, and so the data for suicidal behaviour in relation to fluoxetine are presented in the analysis of non-fatal self harm as most of the events were likely to be non-fatal. Data for suicidal thoughts and non-fatal self harm were not presented separately for paroxetine. We therefore excluded the paroxetine data from the main synthesis for non-fatal self harm and suicidal thoughts, but we carried out a sensitivity analysis including the data and assuming half the events in each arm of the pooled trial data were non-fatal self harm and half were suicidal thoughts. As the number of events in the active arm of the paroxetine trials was 65, which is not divisible exactly by two, we allocated 33 events to the self harm outcome and 32 to suicidal thoughts.
Meta-analysis
We used a bayesian random effects model 10 11 to synthesise data across the different SSRIs for each of the three outcomes. The priors for all parameters were vague (normal (0,10 -6 ) for the mean of the log odds ratio, gamma (0.001, 0.001) for the precision of the means, and gamma (10 -4 ,10 -4 ) for the between products precision except for suicide data where we used gamma (1,1) to ensure convergence). We present 95% credible intervals (the bayesian equivalent of confidence intervals) for the effect estimates.
We assessed heterogeneity in drug effects using the I 2 statistic, which measures the proportion of variability owing to variation between products. 12 We used Stata software version 8.0 (Texas, StataCorp, 2003) to produce figures and give the corresponding classical random effects estimates, for comparison. In our metaanalysis of the suicide data we used a continuity correction of 0.5 to overcome problems caused by small numbers. Using a continuity correction of 0.1 gave similar results.
Sample size calculations
We estimated sample size requirements for clinical trials to detect risks of self harm and suicide in relation to SSRI prescribing, based on the assumption of 80% power and 5% level of significance using Stata.
Results
The MHRA's report presents summary data from 342 placebo controlled trials of SSRIs including 40 826 subjects and 16 suicides. An estimated 172 episodes of non-fatal self harm were reported in data from 477 trials including 52 503 subjects. For suicidal thoughts, data are presented from 477 trials of 45 704 subjects and an estimated 177 episodes (table) .
The pooled odds ratio (with 95% credible intervals) for all SSRIs compared with placebo treated subjects in relation to suicide was 0.85 (0.20 to 3.40). For non-fatal self harm, excluding paroxetine, the odds ratio was 1.57 (0.99 to 2.55), and for suicidal thoughts, excluding paroxetine, it was 0.77 (0.37 to 1.55). The I 2 values were 27%, 3%, and 37%, respectively, indicating relatively little heterogeneity across the individual drugs for the first two outcomes. Three suicides in placebo treated patients (all in paroxetine trials) and one suicide among people treated with an SSRI (escitalopram) occurred after they had stopped treatment. Exclusion of these events from our meta-analysis resulted in a revised odds ratio for suicide of 1.24 (0.21 to 6.71). When we included paroxetine data for non-fatal self harm and suicidal thoughts in the meta-analysis, assuming half the events in each arm of the trial were non-fatal self harm and half were suicidal thoughts, the respective odds ratios were 1.29 (0.90 to 1.91) and 0.79 (0.48 to 1.28). These odds ratios may be biased towards null effects as our assumption of an even distribution of episodes of self harm and suicidal thoughts across placebo and control groups is not supported by our meta-analysis of these end points excluding paroxetine data. Pooled odds ratio from bayesian random effects meta-analysis: 0.77 (credible interval 0.37 to 1.55; 0.79, 0.48 to 1.28, with paroxetine data included) *Suicide occurred six days after stopping treatment. †Data on suicide and self harm were not reported separately for fluoxetine. ‡All three placebo suicides occurred in the post-treatment period. §Data on suicide and self harm were not reported separately for fluoxetine, so a few events listed here may be suicides. ¶Data for non-fatal self harm and suicidal thoughts not reported separately for paroxetine, so events assumed to be evenly distributed across these two outcomes.
All 95% credible intervals are compatible with no increase in risk. The 95% credible interval for suicide is wide because of the small number of events. However, while the credible intervals for the risk of non-fatal self harm are also compatible with at least a doubling of risk and little evidence of risk reduction, those for suicidal thoughts are compatible with up to a two thirds reduction or a modest increase in risk. For non-fatal self harm, the number needed to treat to harm, using the odds ratio without paroxetine, is 759 (based on the weighted prevalence of self harm in the placebo groups of 1 in 433). As the 95% credible intervals for the odds ratio for non-fatal self harm span 1.0 they are compatible with both harm and benefit. Following Altman's suggestion, 13 the 95% credible intervals around the numbers needed to treat to harm are 759 (95% credible interval number needed to treat to harm 279 to ∞ to number needed to treat to benefit 43 300).
The figure shows the risk estimates for each SSRI in relation to suicide (a), non-fatal self harm (b), and suicidal thoughts (c). Because of the small number of suicides, the confidence intervals for the risk estimates are very wide. Of note, the Bayesian intervals are slightly wider than those in the figures, which have been calculated by using a classical approach, as the bayesian estimates reflect uncertainty about the precision between products.
The overall risk of suicide in both arms of the trials combined was 39 per 100 000 (16 suicides among 40 826 subjects). The risk of non-fatal self harm was about 10 times higher than that for suicide (328/100 000 (172 episodes of self harm among 52 503 subjects)); the risk of suicidal thoughts was similar to that for non-fatal self harm (387/100 000 (177 episodes of suicidal thoughts among 45 704 subjects)). As the mean duration of the trials included in the synthesis was eight to 10 weeks, 9 the overall rates of suicidal behaviour and thoughts per person year at risk are likely to be some five times higher than the risks calculated here.
Size of trials needed to detect impact of SSRIs on risk of suicide and non-fatal self harm
We based our sample size estimates on the risk of suicide (39/100 000) and non-fatal self harm (328/100 000) among those taking part in the randomised trials of SSRIs, assuming a 20% decrease in risk is considered clinically important. About 1.9 million subjects would need to be recruited to a trial to detect a 20% decrease in suicide risk (assuming 80% power and 5% level of significance). For non-fatal self harm, the total sample size would need to be about 220 000. To detect a halving of risk of suicide and self harm, the sample sizes required would be 262 000 and 31 000 respectively. 
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Discussion
Because of the low incidence of suicide, it is not possible to rule out either a threefold increase or a decrease in its occurrence among people treated with SSRIs. Large trials, randomising around 2 million individuals, would be required to detect an important effect on risk. We found weak evidence of an increased risk of non-fatal self harm, but our results are compatible with either no reduction or a risk that is 2.5 times higher than in placebo treated patients.
The absence of evidence of an increased risk of suicidal thoughts, but possible increased risk of non-fatal self harm in relation to use of SSRIs, is noteworthy. These could be chance differences owing to the relatively small number of events. Alternatively the differences may arise as a result of drug efficacy in treating depression, and the possible rise in self harm may result from a different mechanism such as a disinhibiting effect of SSRIs in the early stages of treatment. Of note, the ratio of reported suicides to episodes of self harm (about 1:10) is lower than the ratio in the general population. About 5000 suicides 14 and over 142 000 episodes of non-fatal self harm 15 occur each year in England and Wales, giving a ratio of roughly 1:30. As over-reporting of suicides is unlikely, the lower ratio in the trials in our meta-analysis is likely to reflect under-reporting of episodes of self harm. Likewise the ratio of suicidal thoughts to self harm in the general population is around 1:5, 16 yet the ratio in the studies included in this meta-analysis is closer to 1:1, suggesting under-reporting of suicidal thoughts. If the underreporting is biased in favour of SSRIs this could account for the possible differences in risk in relation to self harm and suicidal thoughts.
Strengths of the analysis
As our meta-analysis is based on trial data supplied by the relevant pharmaceutical companies and extracted according to guidelines from the MHRA, 9 it includes both published and unpublished data. Publication bias is unlikely to be a problem. Unlike previous investigators analysing data from paediatric randomised controlled trials 2 6 we were able to distinguish between suicide, non-fatal suicidal behaviour, and suicidal thoughts.
Limitations of the analysis
The main limitation of our meta-analysis is that even with the pooling of data from several hundred randomised controlled trials in which over 40 000 patients were randomised, we did not have sufficient power to detect clinically important risks or benefits. Meta-analyses of sparse data can be unstable. 10 17 Secondly, as we did not have access to individual patient data we could not conduct a meta-analysis based on individual patients or trials. For this reason heterogeneity between trials and individual products is likely to have been masked. Because of this underestimation of between trial variance our credible intervals will be underestimates of true variability. Thirdly, by pooling across different SSRI products we have made the implicit assumption that any adverse or beneficial effects of SSRIs are similar for all the products investigated. Sparse data on a small number of products make assessment of heterogeneity difficult. 10 Fourthly, some relevant trial data are likely to have been excluded from this analysis as we did not carry out a systematic review of the published literature. In particular we will have excluded trials carried out by independent researchers with no involvement with pharmaceutical companies. Such trials are likely to present a less favourable picture of drug side effects. 18 Fifthly, as already discussed, there is suggestive evidence that non-fatal self harm and suicidal thoughts were under-recorded. Lastly, most of the randomised controlled trials were of short duration (less than 10 weeks), and so possible longer term beneficial effects of SSRIs on suicidal behaviour will not have been detected.
Previous studies
The magnitudes of the risks of suicide and non-fatal self harm among adults in this meta-analysis are consistent with the findings of our synthesis of placebo controlled trials of SSRIs in children and adolescents (odds ratio 1.66, 95% credible interval 0.83 to 3.50).
2 In Beasley's meta-analysis, in keeping with the findings for all SSRIs in this paper, adults treated with paroxetine reported fewer suicidal thoughts than patients treated with placebo.
Several observational studies based on the UK's General Practice Research Database (GPRD) have compared risk of suicide and non-fatal self harm among patients receiving different antidepressants. 9 19 20 These have not compared risks in treated and untreated patients. Ecological studies comparing time trends in antidepressant prescribing with population suicide rates in several different countries provide no consistent evidence that recent increases in prescribing have been associated with adverse trends in suicide.
2
Implications for public health and clinical practice Systematic reviews confirm that SSRIs are effective treatments for adult depression 21 and better tolerated by patients than the other main class of antidepressant-the tricyclic antidepressants. 22 However, our meta-analysis indicates that it is possible, in the early weeks of treatment, that SSRIs are associated with an increased risk of suicidal behaviour. It is therefore important to consider the risks and benefits of these drugs. Meta-analyses of placebo controlled trials of antidepressants in adults indicate that the number of patients who need to be treated with an SSRI (fluoxetine) to get one response (defined according to both self report and clinicians' reports of patients being much or very much improved) is four to seven (see tables 2 and 3 in the paper by Bech et al 23 ). Conversely, our data for non-fatal self harm indicate that the best estimate of the number needed to treat to harm is 759. The balance may be less favourable in people with mild depression, where the effectiveness of SSRIs is unclear. 24 Of note, in the trials submitted to the MHRA's recent review where a particular SSRI was compared with another SSRI or a non-SSRI antidepressant, no clear evidence was found of differences in risk between different classes of antidepressants. 9 This observation indicates that any increases in risk are likely to be common to all antidepressants, rather than being specific to SSRIs.
Conclusion
In view of the widespread prescribing of SSRIs and the possibility that they may increase the risk of suicidal behaviour in some individuals, research is urgently needed both to clarify appropriate indications for their use and to determine whether it is possible to identify people at risk of possible suicidal side effects. In the meantime it is important that patients starting treatment with these drugs, as well as their carers, are counselled about these possible side effects, so they may make informed choices and receive appropriate monitoring.
